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ORIGINAL ARTICLE
Medullary thyroid carcinoma (MTC) arises from
C cells (parafollicular) that produce calcitonin
and is relatively uncommon. It accounts for
5–10% of all thyroid cancers and is responsible
for more than 13% of all deaths related to this
disease.1,2
Sporadic MTC constitutes approximately
75% of cases, while the remainder is inherited.2,3
Preoperative lymph node and distant metastasis
make the prognosis poorer.4 A diagnosis of MTC
before operation is required for treatment plan-
ning and screening for whether hyperparathy-
roidism or pheochromocytoma is present in
some selected cases. Fine-needle aspiration cytol-
ogy (FNAC) is a diagnostic method widely used
for assessing thyroid nodules. The cytology of
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Background/Purpose: The cytologic features of medullary thyroid carcinoma (MTC) have been described
and documented in the literature. Most of the studies were related to the Papanicolaou stain or the May-
Grünwald-Giemsa stain. The aim of the present study was to analyze detailed cytologic characteristics of
MTC diagnosed by fine-needle aspiration cytology (FNAC) stained with a quick method, Riu’s stain.
Methods: We collected the FNAC slides of 38 cases with MTC that were proven by surgical pathology. The
cytologic findings were reviewed under a light microscope. The median age at diagnosis was 46.5 years,
ranging from 13 to 83 years; 20 were women and 18 were men. Among them, seven cases were familial
forms and the others were sporadic.
Results: The majority of these cases showed moderate to abundant cellularity. Small round cells, spindle-
shaped cells and large oval to polygonal cells formed the usual components. Twenty-seven cases were cat-
egorized as pleomorphic cell type and 11 cases as monomorphic type. Except in one case, cohesive and
clustered small round cells predominated in all cases, alone or coupled with cohesive spindle cells and/or
scattered large oval to polygonal cells. The diagnosis of mixed medullary-follicular thyroid carcinoma was
made in the case composed solely of grouped polygonal cells. Cytoplasmic granularities were noted in 
14 cases and vacuolations were seen in eight. Binucleated and multinucleated cells were not uncommon,
while intranuclear cytoplasmic inclusions were less frequent. The diagnostic sensitivity for MTC by FNAC
was 89%.
Conclusion: The distinctive cytopathologic characteristics of MTC by Riu’s stain allowed us to make the
diagnosis in aspiration biopsies accurately and quickly. [J Formos Med Assoc 2007;106(9):728–735]
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MTC has been well described in previous litera-
ture.5–7 Although some experts have recommended
routine measurement of serum calcitonin levels
in thyroid nodular diseases for early detection,8
the distinctive cytomorphologic features of MTC
mean that FNAC can be an accurate and sensitive
method for diagnosis in experienced hands.9,10
Most of the previous studies were related to
Papanicolaou stain or May-Grünwald-Giemsa
stain. Riu’s stain is a quick staining method that
takes only 2 minutes.11 In the present study, we
retrospectively reviewed our 38 cases of MTC di-
agnosed by FNAC combined with Riu’s stain, and
describe the cytomorphologic findings in detail.
We tried to determine diagnostic clues for MTC
using FNAC with Riu’s stain.
Materials and Methods
Patients
FNAC slides from National Taiwan University
Hospital during the period 1990–2002 were col-
lected and reviewed. Thirty-eight patients who
had undergone fine-needle aspiration were diag-
nosed with MTC, confirmed by surgical pathol-
ogy. The median age at diagnosis was 46.5 years,
ranging from 13 to 83 years; 20 were women and
18 were men (female-to-male ratio, 1.1:1.0). Of
the 38 cases, seven were familial type, presenting
with multiple endocrine neoplasm (MEN) 2A in
two families and MEN 2B in one family, and the
rest were sporadic. No previous family history of
MTC was documented in the sporadic cases.
Cytopathologic investigations
Cytologic specimens were obtained by fine-needle
aspiration of the thyroid using 22-gauge needles
fitted to 20-mL syringes after manual palpation
or under ultrasound guidance. The lesions were
punctured at least twice from different sites of the
nodule and the aspirates were smeared onto slides.
Air-dried samples were routinely stained using the
method reported by Riu (Romanowsky’s system).12
The smears were covered with solution A (0.17%
eosin Y and 0.05% methylene blue in methanol)
for 30 seconds, followed by placement in solu-
tion B (0.14% methylene blue, 0.12% azure 
I, 2.52% Na2HPO4.12H2O and 1.25% KH2PO4
in distilled water) for 90 seconds. Finally, the stain
mixtures were washed off with distilled water and
the slides were observed under a light microscope.
Immunohistochemical staining for calcitonin was
not applied to these smears.
Cytology was reviewed on the FNAC slides
from the 38 patients. The diagnosis of MTC stained
with Riu’s method was based on the lack of fol-
licular development and colloid and the presence
of a variety of tumor cell patterns, including small
round, spindle-shaped and large oval to polygo-
nal cells.6 We focused on cellularity, cell shape,
architecture, and characteristic of the nucleus and
cytoplasm. Cellular pleomorphism meant the
diversity of cell types, architectures and shapes.
Nuclear pleomorphism indicated the multiplicity
in nuclei. We defined nuclear size larger than that
of two-thirds of the cytoplasm in the majority of
cells as high nuclear-to-cytoplasmic ratio and
less than one-third as low.
Results
The cytologic characteristics of MTC in this series
are listed in the Table. The smears showed high
cellularity in 19 cases, composed of clusters and
cohesive cells, moderate cellularity in 14 cases,
and scant cellularity in five, composed mainly of
loosely cohesive, dissociated cells or a few grouped
cells. Neither colloid nor amyloid deposition was
found in the background. The cell shape of the
tumors varied among small round, large oval to
polygonal and spindle cells. The small round cells
had scanty to moderate amount of cytoplasm with
either centric or eccentric round-oval nuclei in
most cases (Figure 1A). Oval to triangular tumor
cell patterns and angular, folded nuclei were 
observed occasionally in some cases (Figure 1B).
The polygonal cells were larger, oval to polyhe-
dral, and manifested some degree of plasmacytoid
appearance as identifiable, abundant cytoplasm
and one or more eccentrically placed round-oval
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nuclei (Figure 2A). Cytoplasmic tails were pres-
ent rarely, making the cells more pleomorphic
(Figure 2B). They accounted for cellular binucle-
ation and multinucleation and increase in nuclear-
to-cytoplasmic ratios. The spindle cells showed
spindle-shaped cell body, scanty to moderate 
cytoplasm and central ovoid to elongated nuclei
(Figure 3A).
Some spindle cells had shorter cell body
while some were more flattened, with tapering
of tips (Figure 3B). The nuclear-to-cytoplasmic
ratio was low in small round cells and spindle
cells but high in large oval to polygonal cells.
Classic small round cells were identified in all
but one case of MTC, which was solely composed
of polygonal cells. Ten cases showed only small
round cells. Spindle cells predominated or coex-
isted with approximately equal numbers of co-
hesive and clustered small round cells in seven
cases. Admixed small round cells, spindle cells and
large oval to polygonal cells were demonstrated
in nine. Of the remaining 11 cases, dominating
small round cells with scattered large oval to
polygonal cells were present.
Cellular binucleation and multinucleation, to
which the large oval to polygonal cells contributed,
were described in 21 of the 38 cases. Small round
and spindle cells displayed relatively uniform
nuclei in most cases, whereas the large oval 
to polygonal cells showed multiple, larger-sized
round or polymorphic nuclei. Multinuclear tumor
giant cells were identified occasionally (Figure 4A).
The nuclear chromatin was coarsely granular
or hyperchromatic without evident mitotic figures.
Twelve cases contained nucleoli, more conspicu-
ous in the large polygonal cells and inconspicu-
ous in the small round and spindle cells (Figure
4B). More than one nucleolus within the same
nucleus was less frequent. Cytoplasmic granules
were another prominent feature mainly in large
oval to polygonal cells (Figure 4C). In the smear
preparations stained with Riu’s method, the par-
ticles were reddish or bluish, fine, delicate or
coarse, and distributed evenly in the cytoplasm.
The bluish granularities were intensified in the
cytoplasmic margin in some cases and were 
also identified in a few small round cells and
spindle cells.
In contrast, vacuolated cytoplasm seemed rel-
atively uncommon, with no obvious difference
in the cell types (Figure 4D). Structures resem-
bling intranuclear cytoplasmic inclusions were
Table. Cytologic features of medullary thyroid
carcinoma in 38 cases
Features n (%)
Cellularity
Abundant 19 (50)
Moderate 14 (37)
Scant 5 (13)
Cellular pleomorphism
High 11 (29)
Moderate 12 (32)
Low 15 (39)
Cell shape and architecture
Monomorphic 11 (29)
Small round cells only 10
Polygonal cells only 1
Pleomorphic 27 (71)
Predominant small round cells + 2
spindle cells
Predominant spindle cells + 5
small round cells
Predominant small round cells + 11
large oval/polygonal cells
Admixed small round cells + 9
spindle cells + large oval/
polygonal cells
Cell characteristics
Bi/multinucleation 21 (55)
Nuclear pleomorphism
High 10
Moderate 15
Low 13
Nuclear chromatin
Granular 23
Hyperchromatic 15
Nucleoli
Conspicuous 3
Inconspicuous 9
Intranuclear cytoplasmic inclusion 8 (21)
Cytoplasmic vacuolation 8 (21)
Cytoplasmic granularity 14 (37)
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A B
Figure 1. (A) Cohesive classic small round cells in medullary thyroid carcinoma, showing uniform nuclei and scanty 
cytoplasm (Riu’s stain; original magnification, 400×). (B) Atypical small round cells in medullary thyroid carcinoma with
abundant cellularity, showing oval to triangular cell shapes, angular or folded nuclei (Riu’s stain; original magnification,
100×).
A B
Figure 2. (A) Medullary thyroid carcinoma with large oval to polygonal cells, showing eccentric nuclei of variable 
sizes and abundant cytoplasm (arrow) and small round cells (Riu’s stain; original magnification, 100×). (B) A large oval 
to polygonal cell in medullary thyroid carcinoma, presenting with a cytoplasmic tail (Riu’s stain; original magnification,
400×).
A B
Figure 3. (A) Medullary thyroid carcinoma with clusters of spindle cells, displaying scant cytoplasm and elongated nuclei,
and small round cells between spindle cells (Riu’s stain; original magnification, 100×). (B) Demonstration of cellular and
nuclear pleomorphism of spindle cells in medullary thyroid carcinoma; the nuclear chromatins are granular (Riu’s stain;
original magnification, 400×).
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seen in eight cases, usually single and variable in
size (Figure 4D).
One case was diagnosed as follicular neoplasm
by FNAC initially and was confirmed as follicu-
lar carcinoma by pathology in the first operation,
but a significantly distinctive cytology was noticed
from another aspirate after the recurrence of the
tumor. In the absence of small round cells, it
contained solely grouped polygonal cells, with
abundant basophilic cytoplasm and eccentrically
placed nuclei (Figure 5). The diagnosis of mixed
medullary-follicular thyroid carcinoma was made
after performing immunohistochemical staining
for calcitonin and thyroglobulin, and electron mi-
croscopic examination of the surgical specimen
(not shown).
There were two other cases misdiagnosed as
follicular neoplasm because of the presence of
cells with round nuclei of variable sizes, and an-
other one case misdiagnosed as desmoid due to
the presence of tight clusters of spindle-shaped
cells. No false-positive case was obtained. Over-
all, the diagnostic sensitivity was 89% (34 of 
38 cases).
Discussion
The present study showed that although MTC is
relatively rare, with adequate expertise and a use-
ful staining method, a high cytodiagnostic rate can
be achieved. Papanicolaou’s stain, which is often
C D
A B
Figure 4. (A) A multinucleated tumor giant cell in medullary thyroid carcinoma (arrow). (B) Demonstration of conspicu-
ous nucleoli in large oval to polygonal cells in medullary thyroid carcinoma (arrows). (C) Cytoplasmic granules, bluish or
reddish, mainly in large oval to polygonal cells (arrow); the bluish granules are intensified around the margin, while the
reddish granules are evenly distributed in the cytoplasm. (D) Cytoplasmic vacuolations in small round cells and large oval
to polygonal cells (arrowhead); intranuclear cytoplasmic inclusions are also present (arrow). (Riu’s stain; original magni-
fication, 400×.)
used for wet-fixed cytopathologic preparations,
reveals nuclear details, whereas the May-Grünwald-
Giemsa stain, a modified Romanowsky’s staining
procedure for air-dried smears, reveals cytoplasmic
details. As we have shown, the cytologic pictures
stained with Riu’s method are similar to those
stained with May-Grünwald-Giemsa method. In
addition, Riu’s stain and May-Grünwald-Giemsa
stain have an advantage over Papanicolaou’s stain
in that they can show metachromatic cytoplasmic
granules in MTC cells, a feature that cells of other
neuroendocrine tumors can also display.7
To our knowledge, there is no detailed descrip-
tion of MTC cytology stained with Riu’s method.
Because this method is so simple and quick, it is
very useful in clinical application. Amyloid de-
posits, an important diagnostic clue of MTC in
Papanicolaou-stained preparations,13,14 were not
identified in Riu-stained smears in the present
study. Nevertheless, we had no difficulty in inter-
preting the cytology of MTC for this reason.
On cytologic examination, a mixed popula-
tion of different cell patterns accounted for cellu-
lar pleomorphism in MTC. Clustered or cohesive
small round cells made up the majority of cases,
either alone or along with spindle cells and large
oval to polygonal cells. Spindle cells are not rou-
tinely encountered in the cytology of thyroid car-
cinomas. They are usually present in MTC or
anaplastic thyroid carcinoma, and rarely, spindle
cell variant of papillary thyroid carcinoma.15 The
presence of small round cells between clusters of
spindle cells provided a clue to diagnose MTC.16
In our study, spindle cells were frequently pres-
ent but never appeared in the absence of small
round cells. The degree of pleomorphism in cell
shapes and nuclei was higher in spindle cells
than in small round cells.
Apart from small round and spindle cells, large
polygonal cells seemed more representative and
diagnostic of MTC. These cells were sometimes
described as multinucleated tumor giant cells if
the cell sizes were apparently larger with multiple
peripherally located nuclei. The multinucleated
tumor giant cells had been considered a typical
feature in aspirates from neuroendocrine tumors.7
Our series found that cytoplasmic granularity
was not uncommon in Riu-stained preparations,
especially in the large oval and polygonal cells.
These granulations had been regarded as corre-
sponding neurosecretory granules in the cytoplasm
on electron microscopic examinations and might
be of diagnostic value,6 although other authors
did not emphasize the importance.
It was not unexpected that nuclear pleomor-
phism in MTC was present due to diversified
components. Nucleoli appeared in less than half
of the cases, usually inconspicuous and single in
large oval to polygonal cells. The chromatins were
granular or hyperchromatic and mitotic activity
in nuclei was low. Intranuclear cytoplasmic in-
clusions, as well as cytoplasmic vacuolations, were
not a prominent feature of MTC. It has been de-
scribed that intranuclear cytoplasmic inclusions
were surrounded by a double-layer membrane on
electron microscopy.17 Some authors postulated
that they might derive from cytoplasmic invagi-
nation and sequestration in nuclei and represent
the consequence of a disturbance in the mitotic
course.17
Four out of the 38 cases in our study were dead;
two cases were familial type and two sporadic.
The death rate seemed higher in the familial
form. The difference in cytology between the fa-
milial type and sporadic type, however, was not
significant, and we were unable to determine the
FNAC stained with Riu’s method
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Figure 5. Grouped polygonal cells with eccentric nuclei,
prominent nucleoli and abundant basophilic cytoplasm in
medullary thyroid carcinoma, resembling Hürthle cell neo-
plasm (Riu’s stain; original magnification, 400×).
heredity according to FNAC findings. It has been
proven by linkage analysis that germline RET
protooncogene mutations are associated with 
familial cases.18 The relationship between MTC
cytology and RET protooncogene mutations have
also been described previously.10 Although using
FNAC to diagnose MTC was inferior to serum
calcitonin measurements according to a recent
study,19 the cytologic features of MTC are so dis-
tinctive that the majority of preoperative diag-
noses can be accurately made based on FNAC 
in experienced hands. Chang et al have demon-
strated a cytodiagnostic rate similar to serum 
calcitonin determination.10,19
Identification of MTC by FNAC is not easy on
some occasions, however, because the tumor cells
tend to disperse on the smears or may be far from
typical. Some large oval to polygonal cells in MTC,
as in our case, manifest with plasmacytoid appear-
ance, peripherally located single round nuclei with
distinct nucleoli and abundant oncocytic cyto-
plasm, and can mimic some carcinomas derived
from follicular epithelial cells such as Hürthle
cell neoplasm. On the other hand, Hürthle cell
neoplasm may sometimes lead to a false-positive
MTC case.20 To our knowledge, there are no reli-
able cytologic findings to distinguish these two
cells definitely. Nevertheless, Hürthle cells con-
tain denser and pinker cytoplasm compared with
tumor cells in MTC, and the presence of polyhe-
dral cell shape and finely bluish granules in the
cytoplasm are not characteristic of Hürthle cells.
Moreover, mixed medullary-follicular thyroid car-
cinoma is a rare variant of MTC described in the
histopathology literature.21 It shows intermin-
gling of medullary and follicular carcinoma com-
ponents, constituting a cytodiagnostic challenge
based on FNAC alone. A corroborative immuno-
histochemical staining for calcitonin and thy-
roglobulin should be considered for diagnostic
purposes in this situation.
In conclusion, with characteristic cytomorphol-
ogy, FNAC stained with Riu’s method is a good,
quick and accurate technique for diagnosing MTC.
In addition to careful examination of individual
cell features, serum calcitonin determination,
immunocytochemical and electron microscopic
studies of the specimen are helpful to improve
diagnostic accuracy when difficult cases are 
encountered.
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